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Recent  evidence regarding t h e  s t r u c t u r e  of t h e  atmosphere 

of Venus i n d i c a t e s  t h a t  t h e  t o t a l  su r f ace  pressure  i s  a t  l e a s t  10 

atm. (1) I ( 2 )  and may be a s  high as s e v e r a l  hundred a t m .  ( 3 )  I ( 4 )  

Cameron ( 3 )  has attempted t o  account f o r  t h e  high su r face  

pressure  on Venus by pos tu l a t ing  t h a t  t h e  evolu t ion  of t h e  a t -  

mospheres of t h e  Ea r th  and Venus has  taken p lace  by e n t i r e l y  

d i f f e r e n t  processes:  t h e  Venus atmosphere i s  a remnant of t h e  

p r imi t ive  solar nebula,  while t h e  Ea r th  l o s t  i t s  atmosphere during 

the i n i t i a l  r o t a t i o n a l  i n s t a b i l i t y  which led  t o  the  sepa ra t ion  of 

t h e  moon from t h e  Earth.  

There i s ,  however, one aspect  of t h i s  hypothesis which 

p r e s e n t s  an immediate d i f f i c u l t y .  Carbon dioxide i s  a known con- 

s t i t u e n t  of t h e  Venus atmosphere. Spinrad ( 2 )  has es t imated  the 

abundance of C02 by spectroscopic  methods, and f i n d s  t h a t  it is  

approximately 4% by m a s s  of t h e  t o t a l  atmosphere. As N is  no t  

d e t e c t a b l e  by c l a s s i c a l  spectroscopic  techniques,  and i s  p resen t  
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i n  abundance i n  t h e  t e r r e s t r i a l  atmosphere, it is  usua l ly  assumed 

t h a t  t h e  remaining 96% of t h e  Venus atmosphere i s  made up pr imar i ly  

of N2,  i . e . ,  the  N2/C0 ra t io  is  2 5 : l  However, i f ,  as 2 

hypothesised by Cameron, t h e  atmosphere of Venus w e r e  a remnant of 

t he  s o l a r  nebula,  t h e  atmospheric composition should r e f l e c t  t h e  



r e l a t i v e  s o l a r  abundances of  t he  e lements .  These have been 

r e c e n t l y  compiled i n  a revised f o r m ( 5 )  and i n d i c a t e  a N /CO 

r a t i o  of 1 :12  (Table I ) .  This r e s u l t  i s  i n  s t rong  disagreement 
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with  t h e  abundance r a t i o  quoted above. 

A r e s u l t  obtained by Chamberlain(‘) may have a bear ing on 

t h i s  problem. Chamberlain has pointed o u t  t h a t  t h e  presence of 

a considerable  amount of C 0 2  i n  a p l ane ta ry  atmosphere reduces the  

exospheric  temperature of t h e  p l ane t  because of r a d i a t i v e  cool ing  

by CO i n  t h e  upper atmosphere. Chamberlain has appl ied  h i s  c a l -  

c u l a t i o n s  t o  t h e  p l a n e t  M a r s  and f i n d s  t h a t  t h e  CO cooling acts  

a s  a thermostat  and keeps t h e  temperature of t h e  escape l e v e l  of  

t h e  Martian atmosphere from exceeding 1100 K. For t h i s  reason, 0 

t h e  g r a v i t a t i o n a l  escape of l i g h t  gases  f r o m  Mars probably t a k e s  

p l ace  a t  a much slower rate than was previously assumed. 

Due t o  t h e  considerable  abundance of  CO i n  t h e  Venus atmos- 2 

phere ,  it i s  poss ib l e  t h a t  a s i m i l a r  cool ing mechanism occurs i n  

t h e  upper atmosphere and reduces the  r a t e  of escape of l i g h t  gases .  

A c a l c u l a t i o n  of t h e  escape t i m e ,  from the  method descr ibed by 

S p i t z e r  (7), i n d i c a t e s  t h a t  i f  the  exospheric temperature of Venus 

has  remained a t  1100 OK, t h e  t i m e  of escape of helium from Venus 

w i l l  be - 10” years .  

y e a r s ,  helium would be re ta ined  on Venus and would then  be t h e  

As t h e  age of the  p l a n e t s  i s  - 4.5 x lo9 
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dominant atmospheric c o n s t i t u e n t ,  r a t h e r  than n i t rogen .  

I f  t h i s  i s  t h e  c a s e ,  t h e  atmosphere of Venus should have a 

composition c o n s i s t e n t  w i t h  the  s o l a r  abundances of  the  elements.  

Table I shows t h e  composition of t h e  atmosphere der ived  i n  t h i s  

way. The t a b l e  i s  based on the  assumptions t h a t  (1) a l l  hydrogen 

has  completely escaped, including t h a t  i n  t h e  form of NH3, CH4 

and H 0, ( 2 )  t h e  oxygen a v a i l a b l e  for t h e  atmosphere has been 

deple ted  by t h a t  amount which would be requi red  t o  form metal 

ox ides  and s i l i c a t e s ,  (3) only t h a t  much carbon is included i n  

the atmosphere which w i l l  combine wi th  t h e  remaining oxygen t o  

form C02, and (4) C02 has n o t  been removed from t h e  atmosphere by 

r e a c t i o n s  wi th  t h e  c r u s t  of t h e  p l a n e t .  
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TABLE I 

Substance 

He 

% by Mass 

94.23 
I 

4 -78 
c02 

N2 0.38 

Ne 0.53 

A36 + A38 0.08 

It may be noted t h a t  t h e  CO /He r a t io  i n  Table I i s  close 
2 

t o  S p i n r a d ' s  es t imate  of a CO abundance r a t i o  of 4%- 
2 
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Suess (8) has  suggested t h a t  neon may be t h e  dominant a t -  

mospheric c o n s t i t u e n t  on Venus. It i s  i n t e r e s t i n g  t o  note  t h a t  

according t o  Table I t h e  Ne/CO r a t i o  i s  less by a f a c t o r  of 2 - 100 than i s  p red ic t ed  by Suess. The measurement of t h e  r a r e  

gas  abundances on Venus, by l o c a l  sampling c a r r i e d  o u t  from 

p lane ta ry  probes,  w i l l  provide a c l e a r  d i sc r imina t ion  among these  

hypotheses. 
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